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(6 UNITED STATES DEPARTMENT OF AGRICULTURE 
Rural Electrification Administration 
St. Louis, Missouri (2) 
December 1, 1943 
SUTPLEMENT TO 
ENGINEERING MEMORANDUM NO, 120R 
To: ~All System Engineers and 
REA Field Gonstruction Engineers 
From: Guy W. Thaxton, Chief 


ae and Construction Division 


Subject: Gaiowiating Fault Currents on REA Lines 


Attached is a copy of "Gravhical Method of Caiculating Fault 
Currents on REA Lines," which has been prepared for the purpose of 
facilitating the calculation ot fauit currents and the checking of 
fault current calculations ih connection with making sectionalizing 
studies. It is requested that the graphical method be used wher- 
ever possible in making fault current calculations. When you once 
becane familiar with the procedure, you will find that the graph- 
ical method has many advantages over other standard methods of 
calculating fault currents. 


The attachec bulletin does not cover the entire procedure of making 
& sectionalizing study. It covers only the calculation of fauit 
currents on the distribution system and does no) contain ins 
tions on the calculation of the source and substation impedance 
selection of fuses and circuit breakers and other factors whic! 
should be considered in making a canplete sectionaliving study, It 
shoula be used as @ supplement to the bulletin ertitiec, "Procedure 
for Making a Sectionalizing Study on Rural Hicctric Systems,” which 
was attached to Engineering Memorandum No. 120R, dated February +t, 
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GRAPHICAL METHOD OF CALCULATING 


FAULT CURRENTS ON REA LINES 


By 
Frank W. Linder 


Associate Engineer, Design and Construction Division 


U. S. Department of Agriculture 
Rural Electrification Administration 


Design and Construction Division 


November 8, 1944 
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GRAPHICAL METHOD OF CALCULATING FAULT CURRENTS ON REA LINES.” 


The ce Ae method of ‘calculating fault currents, described below, offers ~ 
many BOvantages over other, methods commonly used to make fault current calcu- 
lations... Some’ of these advantages are.as' follows: (1) there is less chance 
for error;- (2) considerable time and.effort “is saved in making the calcula- 
tions; (3) a visual picture, is obtained of the possible fault currents at any 
sectionalizing point or. any.intermediate point; (4) a compact permanent 
record is obtained; and (5) it provides an easy method of quickly calculating 
the fault currents for new taps or sections added to a, system after the 
original study has’ beer completed. ‘The accuracy obtained. by the graphical 
method is. approximately equal to the accuracy obtained by exact mathematical 
calculation ‘of: fault’ currents ». and it: is considerably greater than the 
accuracy obtained by the use of any one of the special. slide, Laas! ave tte 
for akine fault Gurren, ype See years +. ane ao PMY 

3 Information Required aa es 
The following ‘information is necessary voters fault ‘current ‘elon lactone! can 
be made by che graphical method: . ; 


Lie Total resistance and toed: reactande, for both the maximum and _ mt 
minimum fault current conditions, on. the lead side of the REA’ ‘supply 
substation or at the: metering point. ete necessary touknow these 
resistance ‘and reactance. values for: three ‘phage ,. line +to-line ; ‘and: 
line-to-ground faults and they must be’ referred to. ane 
ground 1 voltage of the system. ~ TT ah ta Ce Na 


4 


2. Iocation: of sectionalizing points on a. Rey jnap Of that systemi" , 


ks ie Phasing, mileages, and wee: sizes’ Between seotionalizing: Sole and 
from the last sectionalizing Heng re to. ‘the. one of the most: ae 
tap. 4 ‘ bakit Tee Die phe aay 


‘Description of Current Diagrams ~ 
The fault current calculations are made on: eurrent: “aie gress Seperate. cur- 
rent diagrams are used. for each fault current: gtudy;-and thesé are made a 
part of the sectionalizing study file. Current diagrams. are available for 
three phase, line-to-ling, and line-to- ground Faults on 7200 volt neutral 
grounded systems built to. REA, specifications: “The 7200 volt current diagrams 
can be used for other system, eneaees as explained on page two. 


Referring to one of the attached . etereut diagrams, you will notice that the 
background of the diagram is a rectangular coordinate. system with resistance 
in ohms along the horizontal. axis: and. reactance in ohms. along the vertical - 
axis. Superimposed te ‘the. Rapa ineae: Baers there ee a series of. 


concentric quarter circles, each circle indicating a value of short circuit 
current. You will note that the current diagram is really the first quadrant 
of a current vector diagram with the line-to-ground voltage as the base. volt- 
age. Fault currents can be read on the circle at the intersection of the 
total resistance and the total reactance values of the circuit. 


In the lower right-hand corner, there is a group of scales called "mileage 
scales," each scale representing a different copper equivalent conductor 
size. The length of line in miles is marked along each scale, starting. from 
zero on the left end of the scale. The position of each mileage scale on the 
diagram and the calibration of each scale is governed by the per mile resist- 
ance and reactance values of lines built to REA specifications for each 
conductor size. The mileage scales are based on average values of resistance 
and reactance for the various types of conductor. The scale to which each 
mileage scale was drawn is the same as the scale of the rectangular coordi- 
nate system on the main part of the current diagram. 


There are two current diagrams for line-to-ground faults, numbered land 2, 
Current diagram No. 2 is a continuation of diagram No. 1 for use when it ig 
found that the range of diagram No. 1 is not large enough to determine fault 
currents at all desired points on a system. There is only one current 
diagram each for three phase, and line-to-line faults, which will cover the 
range of three phase and line-to-line fault currents on REA systems. 


Use of Data Sheet 


Attached there is a copy of Form DS-89 which should be used for tabulating 
the data necessary to plot the fault current points on the diagram, and for 
tabulating the maximum and minimum fault currents. Each sectionalizing point 
on the system, and the most distant points beyond the last sectionalizing 
devices, should be designated on a key map by a letter or number. Then the 
data necessary to plot the points on the current diagram should be tabulated 
in the first five columns of the form. After the points have been plotted on 
the current diagram, the fault currents at 7200 volts phase to ground as read 
on the current diagram can be tabulated in the sixth and seventh columns. 
Columns eight and nine are to be used only when the system voltage is other 
than 7.2/12.5 KV. The columns on the right half of the form are the same as 
those on the left half of the form; in other words, the right half is a 
continuation of the left half. 


Calculation: of Fault Currents When System Voltage is Not 7.2/12.5 KV 
By Using Current Values. Determined From 7200 Volt Curpenk Diagrams 


The current diagrams are all pased on a line-to-ground voltage of 7200 yore 
therefore, fault currents on 7. a/12. 5) KV systems can be read directly from 
the current diagrams. For systems whose line-to-ground voltage is 6900 volts 
or any other voltage except 7200 volts, fault. currents as read on the current 
diagrams must be corrected to the actual line-to-ground voltage. 


The fault current at any location on a system is directly proportional to the 
line-to-ground voltage. . Suppose a fault current study is being made on a 
system whose voltage is 6.9/11.9 KV. The fault currents as read on the 


7200 volt three phase, line-to-line, and line-to-ground current diagrams must 


be hee By 6900 in order to obtain the actual fault current values. 
. 7200. : 


The last two Letina dorian eight and nine, on the data sheet are for use 
in tabulating the actual fault currents. If the line-to-ground voltage is 
not 7200 volts, multiply the fault current values read on the current dia- 
grams, which have been tabulated in columns six and seven, by 
actual line-to-ground voltage and tabulate the actual fault currents in 

{ 7200 % 
columns eight and nine. 


Procedure For Calculating Short Circuit Currents on Current Diagrams 


1. On the current diagram for the type of fault being calculated, locate the 
point for the total impedance of the source and REA substation by laying 
off the resistance along the horizontal scale and-the reactance along the 
vertical scale. Locate the total impedance for both the maximum and 
minimum conditions. For the minimum condition on line-to-ground faults, 
be sure to add in the assumed value of fault resistance. Mark these: two 
points § and S . 

Oa max, min. 

2. By manipulating two triangles or a ruler and a triangle, draw a line from 
S., end from s , to the right paralicl to the mileage scale for the 
conductor sizcin thé first section of line away from the substation. 

The easiest method of drawing this line is to lay the hypotenuse of a 

30 - 60 degree triangle along the proper mileage scale. Then lay a ruler 
along the base of the triangle and slide the triangle up along the ruler 
until the hypotenuse of the triangle is on point S Ont Draw the 
desired line along the Wah ds eieetaa ta of the triangle. eh eens 


Please note that an bitched portion of each mileage pais has been 


placed in the right hand margin of the form, which will aid in lining, up «. 


the triangle along the halal mileage scale, 


3. Using a Dats davtiore, and the rtion oh" scale for the proper con- 
ductor size, set the instrument to the number of miles from the substa- 
tion to the first sectionalizing point. Iay th*s distance off fron S. 
and § along the line drawn in step two. letter these points the samé 
as the corresponding point.on the SSSdi oie eahe lg map is: designated. 


4. -Read the short circuit currents on the circles. 


Se Pane bis ence o procedure for the .2ext secti onalizing point farther out 
on the system,’ except that the mileage distance. should te laid off from 
the last points plotted instead of from 5 and 3. a If the next 
section is of a different conductor size, araw a new Line on the diagram, 
parallel to the proper mileage scale. Repeat until all points on the 
system, at which short circuit current values are desired, have been 
Erte on the diagram. . 


6. For some systems, all line-to-ground fault current points can be plotted 
on current diagram No. 1. On other systems, the fault current points 
located a considerable distance from the substation will fall off of 
current diagram No. 1, in which case, current diagram No. 2 should be 
used. The last point that will fall on diagram No. 1 should be located 
on diagram No. 2 at the intersection of the resistance and reactance 
values for the point which can be read on the resistance and reactance 
scales of diagram No. 1. -Then continue plotting points on diagram No. 2 
as before. In the case of three phase and line-to-line faults, all fault 
current points can be plotted on one diagram. 


Mileage Scales Not Given on Current Diagram 


Mileage scales are given on the current diagram for the most commonly used 
conductor sizes. In cases where there is not a mileage scale: for the conduc- 
tor instailed on the distribution line, a mileage scale can easily be drawn 
on the diagram. It is necessary to lmow the resistance and reactance of the 
line in ohms per mile for the type of conductor used and for the type of 
fault being calculated. Pick any convenient point several inches to the left 
of the mileage scales on the diagram. From this point, using the resistance 
scale on the diagram, lay off a distance to the right equal to the resistance 
of one mile of the line. From the point just located, lay off a distance 
vertically upward, equal to the reactance of one mile of the line. You will 
now have two legs of a right triangle, the hypotenuse of which is equal to 
the impedance of one mile of the line. Draw the hypotenuse and extend it 
upward to the right. The line drawn will be the mileage scale desired. 
Calibrate the scale in miles by marking off distances on the scale equal to 
the length of the hypotenuse of the small triangle. In order to obtain 
greater accuracy in plotting the mileage scale, it is suggested that ten 
times the per mile resistance and reactance values be used in laying off the 
triangle as explained above. Then subdivide the hypotenuse into ten parts. 


Steel Conductors - The impedance of a line consisting of steel conductor 
varies considerably dependihg upon the amount of current flowing in the line, 
which makes it impossible to use one mileage scale for all values of fault 
current. The single phase impedance of a No. 4 or No. 6 Amersteel type 
38-150 conductor line carrying 100 amperes is approximately twice the imped- 
ance of the same line carrying a current of one ampere. However, for all 
values of current, the ratio of resistance to reactance for either a No. & or 
No. 6 steel conductor line is approximately the same as the ratio of resist- 
ance to reactance of No. 11.copper equivalent conductor. In other. words, the 
slope of the mileage scales for these steel conductors would be the same as 
the slope of the No. 11 conper equivalent mileage scale’ on the current 
diagrams, which means the mileage scale No. 11 on the current diagram can be 
used for steel conductor lines provided that the calibration of the scale is 
corrected for steel conductor. 


The procedure for plotting line-to-ground fault current points on the current 
diagram for steel conductor lines by correcting the mileage scale for No. 11 
copper equivalent conductor is as follows: 


1. From the current diagram determine the maximum (or minimum) fault current 
at the beginning of the section of steel conductor line in question. 


‘Knowing 1e fault current at the beginning of the section, estimate t 

value of maximum (or minimum) fault current which will occur at the ond a an 
of the section or at the fault point of the steel conductor section: ia iam 
other words, estimate the fault current flowing in the’ steel. conductor. te ® 


ae Select the proper "mileage correction factor" from the following table 
for the fault current at the end of the section as determined in step 
one. Interpolate if necessary. 


MITEAGE CORRECTION FACTORS FOR AMERSTEEL STEEL TYPE 38-130 CONDUCTORS 
_ (LINE-TO-GROUND FAULTS ) 


Mileage Mileage 
A) Line Fault Correction Factor Correction Factor 
, | Current For #4 B.W.G. For #6 B.W.G. 
In Amperes Conductor Size Conductor Size 
“F 10 e235 BO 
it? 20 139 dig7 
; 30 . 1.62 ~ 1.95 
‘how anid: 1.85 | 2.45 
HOMILY ¥ 2.06 | “shes | 
60 2.25 Pi 06 
70° 2625 ; 3.00 
80 2.20 2.9h 
90 2.16 2.85 
100 2,12 2.74 


For current values above 100 amperes use 
mileage correction factors for 100 amperes. 


3. Multiply the "mileage correction factor" by the actual length of steel 
conductor line in the section. This gives a corrected mileage which can 
pe plotted from the No. 11 copper equivalent scale, 


z kh. Plot the fault current point on the current diagram for the end of the 

. section of steel conductor by using the mileage scale for No. li copper 
equivalent conductor and the corrected length of the section as deter-~ 
mined in step 3 above. 


es If you are unable to estimate the fault current at the end of the section, 

| select a “mileage correction factor” for the first or second value of current 
listed in the table which is smaller than the fault current at the beginning 
of the section. Plot the fault current point for the end of the section, and 

from the current diagram read the value of fault current. Check to see if 
the proper "mileage correction “actor” was used. I? not, select a "mileage 
correction factor" for the new value of fault current at the end of the sec- 
tion and replot the point. Repeat until the assumed value and the actual 
fault current are approximately the same value. 


A "mileage correction factor" is the ratio of the impedance of steel conduc- 
tor for a given valus of fault current to the impedance of No. 11 copper 
equivalent conductor. The correction factors given in the table are for 
ia line-to-ground faults on line consisting of Amersteel conductor. Some makes 
of steel conductor have slightly different electrical characteristics; 


however, the correction factors given.in the table can be used for all makes 
of steel conductors approved for use on REA systems. A fuse or breaker,: 
which will operate satisfactorily on the bases of fault current caletlations 
made as explained above, will be satisfactory on a line consisting of any one 
of. the approved types of steel conductor. 


Suggestion 


A separate current diagram should be used for each substation on the system. 
In cases where one subetation serves a large nunber of miles of line, and 
there are a large mmber of sectionalizing points, it is suggested that sepa- 
rate current diagrams be used for each one of the main feeders from the 
substation, in order to prevent-confusion which may result from too many 
points on the same current diagram. 


Attached there are copies of the data sheet, Form DS-89, and current diagrams 
for calculating three phase, line-to-line, and line-to-ground fault currents, 
Forms DS-90, DS-91, DS-92, and DS-93. Also attached there is a sample prob- 
lem and the complete graphical solution for determining the line-to-ground 
short circuit currents at the various sectionalizing points. 
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SAMPLE PROBLEM 


This sample problem is given for the purpose of illustrating the 
procedure of calculating the line-to-ground fault currents by the 
graphical method. A hypothetical distribution system is shown on 
the attached simplified sectionalizing key map. A fanlt resistance 
of 30 ohms is assumed. The resistance and reactance values on load 
side of the substation for line-to-ground faults for both the 
maximum and minimum condition are as follows: 


Line -To-Ground 
Faults 
Maximum Condition: 
UGE STICO «cp siein a's a) 6 ie sis oid) ¢ 97s wicie oa, ¥aele wialeid,¢iecae aie. e 5.5 ohms 


RGEC CUIIGE sltileteleleve al erence saves ies leueliotevelal gieta els! ee is oer aves? e 35.6 ohms 


Minimum Condition: 
Resistance (Includes 30 ohm fault repistance)..... 5.5 ohms 
ROG GUA TICE che sterols ela te scelaceiele oe ediele ale ei 4b sie vie! st diencisieiewle hO.5 ohms 


A current diagram and data sheet for the sample problem, showing 
the complete solution for determining the line-to-ground fault 
currents, are attached. You will note that points were not plotted 
on the current diagram for the maximum fault current at the end of 
the most distant taps, since it is necessary to know only the mini- 
mum currents at those points. 


Consideration is not given to three phase and line-to-line fault 
currents in the sample problem, in view of the fact that the pro- 
cedure for calculating these currents is exactly the same as the 
procedure for determining line-to-ground fault currents. in making 
a sectionalizing study of an actual system which has three phase _ 
and V phase lines, three phase fault current calculations should be 
made for all points on the three phase lines using the three phase 
current diagram, and line-to-line fanlt current calculations should 
be made for all points on the three phase and V phase lines using 
the line-to-line current diagram. The starting points on the three 
phase diagram should be the.total resistance and total reactance 
values for maximum and minimum conditions on the load side of the 
substation for three phase faults. The starting point on the line- 
to-line diagram should be the total resistance and total reactance 
values, for the maximum and minimum conditions, on the load side of 
the substation for line-to-line faults. 
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3-100 KVA TOTAL RESISTANCE AND TOTAL REACTANCE 
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